(MRC Epidemiology Unit, Cardiff, CF2 3AS) Some Epidemiological Aspects of Iron Deficiency Relevant to its Evaluation Iron deficiency is considered to be of sufficient importance in this and many other countries for substantial efforts to be directed towards its prevention. In Great Britain a considerable sum is spent each year in adding to flour a form of iron which radioactive isotope studies have shown to be almost completely unavailable to man (Ministry of Health 1968 ). In addition, some £5-6 million is spent each year on oral hematinic preparations prescribed under the National Health Service. Recently widespread population screening procedures to detect iron deficiency have been strongly advocated. Add to this the fact that in the USA and to a lesser extent in this country, powerful voices are calling for increased efforts to be directed at a national level towards the prevention of iron deficiency. Finch (1965) , White & White (1968) and the US Council on Foods & Nutrition (1968) have all called for a very substantial rise in iron intake by an increase in the level of iron enrichment of foods. All these efforts to detect and more especially to prevent iron deficiency rest on the assumption that it is an important cause of morbidity in the community.
If anmmia matters then it should be possible to detect associations between circulating hemoglobin level, and realistic indices of morbidity or function. If valid associations are found, then it However, an evaluation which is valid for the community must be based on representative population samples. Neither hospital patients, medical students nor laboratory animals adequately represent the community and there is no substitute for population samples. Then for an evaluation to be realistic, meaningful indices of morbidity or function should be used. Thus the measurement of symptoms may be crude but they may be a more realistic measure of morbidity than cardiorespiratory function, the interpretation of which in terms of morbidity may be very difficult. Futhermore, for an evaluation to be unprejudiced it is essential that all possible effects, whether harmful or beneficial, are examined and assessed. No less a figure than Galton complained that beliefs 'when they are of long standing, become fixed rules of life and assume a prescriptive right not to be questioned'. Since the era of leeching and bleeding passed, it has been unacceptable to question the belief that anemia is harmful and that rich red blood is indicative of health and virility. Yet Walker (1969) questions whether the current assumption that to raise heemoglobin level improves health is founded on any better evidence than was cupping and leeching. This paper simply presents evidence relating to the importance of anlemia in the community. Among the supposed harmful effects of anemia are an increase in symptoms, an impaired cardiorespiratory function, an impaired psychomotor function, and an impaired ability to cope with stress, such as surgery. A series of studies in which we have looked at these and certain other effects are described. These studies have not been conclusive, indeed never can be, as one can never examine all the possible effects of iron deficiency.
Symptoms and Iron Deficiency
We have repeatedly failed to detect an association between hemoglobin level and the severity of Section of Experimental Medicine & Therapeutics 1231 symptoms or a beneficial effect of iron on symptoms (Wood & Elwood 1966 , Elwood & Wood 1966 , Elwood & Hughes 1970 . In a recent study we screened a population sample of 4,000 women and detected 130 with hiemoglobin levels below 10-5 g/100 ml. These patients were given daily for twelve weeks, at random, either 90 mg Fe, 30 mg Fe or no iron. The severity of their symptoms before and after treatment was measured by questionnaire by methods previously described . Table 1 shows that there was no evidence of a beneficial effect of iron on symptoms.
Cardiorespiratory Function and Iron Deficiency However meaningful symptoms are to a patient, they are difficult to measure and are subject to bias from many sources. We therefore examined cardiorespiratory function in a population sample of anemic women, and the effect of iron therapy. For this study we screened a representative sample of almost 3,000 women and selected the 1 % with the lowest levels of circulating hemoglobin, all of whom had levels below about 9 5 g/100 ml. Detailed measurements of cardiorespiratory function were made in these women, including measurements of cardiac function during exercise. There was no evidence of any clinically or statistically important difference between these women and a representative community sample of over 80 women with hemoglobin levels above 12 g/100 ml. We then admitted these women to a controlled trial in which they received, at random, either iron or a placebo tablet. Despite a rise of Hb averaging 4 g/100 ml in those given iron, there was no evidence of any clinically or statistically important effect on function (Cotes et al. 1969 ).
Psychomotor Function and Iron Deficiency
In a further study (Elwood & Hughes 1970) we examined the association between certain aspects of psychomotor function and anmmia. A community sample of almost 2,000 women was screened and psychomotor function assessed in the 3 % with the lowest hxemoglobin levels. This gave 50 women with Hb levels below 10 5 g/100 ml. Psychomotor function was assessed by five tests which varied from tests of pure mental function (mental arithmetic) to tests of pure motor function, all of which are commonly used in psychological studies. This study gave no evidence to support the hypothesis that psychomotor function is influenced by iron deficiency.
Post-operative Progress and Iron Deficiency
It is sometimes argued that while aneemia may have no effect on function under normal circumstances, an effect may become apparent under stress. Iron deficiency may therefore constitute an additional risk, and it therefore should be treated even if immediate benefit is not apparent.
It is difficult to examine this aspect, but we have looked for an association between anwmia and post-operative progress in 1,233 surgical patients (Lunn & Elwood 1970) . Three indices of progress were used: the occurrence of a complication or death, and the duration of post-operative stay in hospital. In males there was evidence that those with the lowest hxemoglobin levels had the least favourable progress after operation. In females, however, only the occurrence of death following operation, and neither of the other indices, showed a statistically significant association with hkemoglobin level. These data might therefore suggest that iron deficiency constitutes an additional risk in a situation of stress such as surgery. However, detailed examination of the data clearly showed that an alternative hypothesis is more likely. A very high proportion of the patients who had the lowest pre-operative hamoglobin levels had serious conditions which had necessitated surgery, and which had almost certainly led to the anemia. This explanation seemed particularly apt as the proportion of anamic subjects was much higher in the male than in the female patients, and a very high proportion of the males (one-third) had either a renal transplant or malignant disease.
As a human epidemiologist I hesitate to refer to animal studies. However, work on farm animals is of such interest in the context of evaluation of iron deficiency that I would like to refer to some of it briefly. The mean hkmoglobin level of all mammals other than the whale and the seal is about 12-13 g/100 ml. Underwood (1966) , an authority on trace elements, states that a fall in mean hemoglobin in mammals to 5-6 g/100 ml is necessary to cause functional embarrassment. Other authors state that levels down to about 8g/100 ml do not affect growth, disease susceptibility or disease recovery in farm animals. In general, levels down to about 6 g/100 ml are considered not to be detectable clinically and to have no obvious effect on the cardiovascular system. In general, it seems unlikely that a farmer will notice anything suspicious unless the hemoglobin level of his animals falls below 6 or 7 g/100 ml.
These estimates of 6 or 7 g/100 ml as the hemoglobin level below which harmful effects are apparent in farm animals are remarkably close to the level at which, in the human studies described above, effects seem to appear. Although there is nothing conclusive in our studies there is a little suggestive evidence that at around 8 g/100 ml effects may begin to appear. If this is true, then it must be borne in mind that the prevalence of hemoglobin levels under 8 g in the community in this country is well under 1 %.
Possible Beneficial Effects ofIron Deficiency It has been suggested that the infrequency of cardiovascular arteriosclerotic disease in developing communities may result in part at least from a stimulating effect of chronic anmmia on the development of collateral anastomotic vessels in the coronary arterial system (Amadea 1944) . Obviously, any factor which will produce interarterial anastomoses so that the coronary vessels cease to be end arteries is of tremendous importance, and might even be of practical value. There have been several studies of the coronary circulation both in animals and in man. These have all demonstrated an increased number of anastomoses between vessels in anxmia. Zoll et al. (1951) in a series of 1,050 post-mortem examinations found that coronary artery anastomoses were present in 39 % of the hearts from 91 subjects who had had hemoglobin levels below 10-6 g/100 ml, but in only 9 % of the hearts from subjects who had had hxemoglobin levels of 11 -6 g/100 ml and over. This study gave no evidence to suggest that the prevalence of anastomoses in severe anemia was greater than in mild anemia. Nor is it possible on the basis of this, or any other study of which I am aware, to ascertain the duration of anamia which is necessary to produce anastomoses, or how long they persist once the aneemia is corrected.
But it is well established that anastomoses are beneficial and may be life-saving.
Another aspect of anaemia which is likely to be of importance is an apparent hypolipidxemia in anmmia. Recently we have examined this association in a large population sample of 4,070 adult women . In this sample 124 women were found to have hxemoglobin levels below 10-5 g/100 ml. The mean cholesterol level in these was 211 mg/100 ml, and in a random sample of women with hxemoglobin levels above 10-5 g/100 ml it was 241 mg/100 ml. The difference, 30 ± 4 6 mg, is highly significant. We then admitted the women with Hb levels below 10 5 g/100 ml to a controlled trial in which two-thirds, selected at random, received iron. In fact we have conducted three such trials in 20, 50, 124 women all below 10 5 g/100 ml. In all of these there has been a small rise in cholesterol, but in the 3 months of our study this was not sufficient to raise the serum cholesterol to that of the nonanemic women.
Unfortunately there is not time to consider the possible explanations for the hypolipidcmia in anemia, but whatever it is, the association is of interest. A raised cholesterol is believed to be one of the most important risk factors in arteriosclerotic vascular disease. A difference of 30 mg in serum cholesterol is not vast but it is likely to be clinically important. Dietary control, in free living population samples, has in practice had an effect of only this magnitude, or less, and yet the evi-dence from several studies suggests that this has had an important effect on mortality.
Conclusion
Bradford Hill has pointed out that the function of the investigator in medical science is to collect and present evidence, and not to make value judgments. I will therefore not seek to evaluate the evidence I have presented, but I will only suggest that isolated clinical studies are likely to be misleading, and only a global concept of iron deficiency, such as that obtained by an epidemiologist, is likely to be unbiased. 
Disorders of Iron Utilization
The disorders of iron utilization may be defined as those diseases associated with aneemia in which iron, present in the body, cannot be adequately utilized for himoglobin synthesis. Exact classification of these diseases is not yet possible, but it has been attempted on a functional basis.
Reticuloendothelial Block
In these conditions, the reticuloendothelial cells are filled with iron but there is an inability to pass this iron to the developing normoblast, thus producing an iron-deficient type of erythropoiesis in the midst of iron plenty. The peripheral red cells are usually slightly hypochromic with a mean corpuscular hiemoglobin concentration of 27-
